Monomeric and dimeric chlorophyll a derivatives were studied by diffusion ordered spectroscopy (DOSY) 
Исследование мономерных и димерных производных хлорофилла а методом DOSY
It is known that multi porphyrin molecules are of interest as model compounds, the molecular receptors and biological active substances. [1] [2] [3] [4] [5] An important aspect of evidence of such derivatives structure is determining of their molecular weight, which is usually carried out by means of different variants of mass spectrometry. However in many cases the intensity of the molecular ion in the mass spectra of such derivatives is relatively small and fragmentary ions of lower mass are observed. Therefore even rough estimation of molecular weight of such derivatives by independent method would be useful.
Since the molecular size of the monomeric and dimeric derivatives should differ from each other significantly the comparison of diffusion characteristics of these compounds can be used to prove the presence of two macrocycles in the molecules. These data can be obtained using the twodimensional diffusion ordered spectroscopy (DOSY) experiments. [6] However the data on this method for the porphyrin compounds are absent in the literature. Here we have studied the monomeric and dimeric chlorophyll a derivatives (1-8) to determine the DOSY capacities in the estimation of molecular weights of these compounds.
Study of Monomeric and Dimeric Chlorophyll a Derivatives by DOSY Method
Chlorophyll derivatives were synthesized according to [7] . The measurements were carried out by Bruker Avance II spectrometer (300 MHz) for solutions in DMSO-d 6 . The experiment parameters: D 20 = 0.1 s; P 30 = 1600 µs; NS = 16; td (F1) = 32. The experiment was carried out at stabilized temperature (24 o C) and using an air cushion to decrease induced vibration. The monomeric (1, 2, 6-8) and dimeric (3-5) chlorophyll a derivatives (Scheme 1), the effective size of which in solution should be significantly different from each other, were selected for molecular weight estimation. Dimeric derivatives 4 and 5 with different length of spacers were also investigated. It is known that the aggregation of porphyrin molecules is possible in solution and this process can affect on the diffusion characteristics measurements results. Therefore, deuterated dimethylsulfoxide (DMSO-d 6 ) was selected as a solvent. DMSO is a highly solvating solvent, what helps to prevent aggregation processes and to minimize the possible effects of aggregation. The effective volumes of molecules are inversely proportional to molecular diffusion coefficients of the third degree, [6] therefore, the changing of effective volume of the molecules during the transition from monomer to dimer can be calculated from the values obtained. It has been shown that the effective volumes of diffusing particles increase in monomer-dimer pairs with the same type of substituents in the macrocycle when moving from monomeric to dimeric molecules (pairs 1-3, 2-3, 6-5,  7-5, 4-6, 4-8) . However, changes in the effective volumes are different for different types of macrocycle substituents. On going from monomeric compounds 1 and 2 to the dimer 3 the increasing of effective volume is of 1.6 times, and on going from monomer 6 to the dimer 5 the increasing of effective volume is of 2.7 times. For the pair of monomer 7 and dimer 4 the effective volume is increased by 1.8 times, which is clearly associated with the presence of diethylene glycol moiety in the molecule 7. In the case of dimer 4, the situation is similar. The effective volume of particles formed by dimer 4 is of 3.8 times greater than that of the particles formed by the monomer 6 and only 1.7 times greater than that of the particles formed by monomer 8, the molecule of which has a tetraethylene glycol fragment. Various changes in the effective volumes at transition from monomeric to dimeric derivatives and the dependence on the nature of substituents in the macrocycle can be explained by possibility of differences 
D. V. Belykh et al.
in average angle between macrocycles in dimeric molecules and that affects on the defined effective volume.
Thus, the method of diffusion ordered spectroscopy (DOSY) allows to detect the changing of molecular dimensions corresponding to the transition from monomeric to dimeric porphyrin. However, the variation value of these changes depends on the nature of substituents at the macrocycle periphery. So when estimating the molecular weight of studied derivative it is necessary to compare the diffusion characteristics with compounds of the known masses and similar substituents system in the macrocycle.
